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(54) Device for monitoring pipe installation 

(57) A device (6) for attachment to a pipe (7) to be 
installed in the ground has load cells (17) for detecting 
a pulling force applied to the pipe (7) : as the latter is 
pulled through the ground, an inclinometer (1 8), for de- 
tecting the inclination of the device (6), and a pressure 



transducer (20) for detecting the pressure surrounding 
the device. Data representative of the pulling force, in- 
clination and pressure is stored in the device (6) and 
protected against unauthorised access by a security 
code or a procedure, so that a verifiable record of the 
pipe installation process is available. 
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Description 

[0001] This invention relates to pipe installation, and 
in particular to a device for attachment to a pipe being 
installed underground and to a method of installing a 5 
pipe by the use of such a device. The term pipe is to be 
construed as covering cables as well as tubular pipes. 
[0002] There are two main ways of installing pipes un- 
derground by trenchless methods, namely directional 
drilling and swage lining. Directional drilling is commonly 
used to install pipes under areas such as roads, rivers, 
airport runways or environmentally sensitive sites where 
it is not appropriate to dig trenches. A rotating drill is 
used to advance a drill pipe, extendable in sections, so 
that the drill pipe forms a pilot hole and follows a desired 
path underground between a launch area and a target 
area. At the target area, a cutter is attached to the end 
of the drill pipe. Behind the cutter is a swivel to which is 
attached the pipe to be installed. The drill pipe is then 
pulled back through the pilot hole, the rotating cutter en- 
larging the pilot hole as it goes. As the drill pipe is pulled 
back through the pilot hole, the pipe to be installed is 
pulled through the enlarged hole from the target area to 
the launch area. Swage lining involves squeezing a 
plastics pipe between rollers in order temporarily to re- 
duce its diameter and then pulling (by winch and cable) 
the pre-squeezed pipe through an existing damaged or 
faulty pipe or through an existing bore. 
[0003] In both these methods there are two main 
problems. The first is ensuring that the magnitude of the 
pulling force applied to the pipe is not excessive and, in 
particular, that the pulling force does not stretch the pipe 
beyond its elastic limit. The second is to ensure that a 
verifiable record is available of the variation of pulling 
force during the installation process. In the absence of 
proper verification, it is possible for data relating to pull- 
ing force to be tampered with. The invention aims to 
solve both of these problems. 

[0004] According to one aspect of the invention there 
is provided a device for attachment to a pipe to be in- 
stalled in the ground, the device having tensile force de- 
tector means for detecting a pulling force applied to the 
pipe as the latter is pulled through the ground, storage 
means for storing data representative of the detected 
tensile force, with the stored data being protected 
against unauthorised access by a security code or pro- 
cedure, and access means for enabling the data to be 
subsequently retrieved by use of the security code or 
procedure. Thus, a device according to the invention not 
only detects the pulling force but stores it in a way which 
enables the data to be accessed and verified as being 
authentic and conect. The attachment of the device to 
the pipe to be installed may be direct or indirect, the re- 
quirement being that the device is subjected to the ten- 
sile force applied to the pipe to be installed. 
[0005] The device preferably has an inclinometer for 
detecting the inclination of the device as the latter is 
pulled through the ground, the storage means then ad- 



ditionally storing data representative of the detected in- 
clination, this data also being protected by the security/ 
verification code. The device may have pressure detec- 
tor means for detecting the pressure surrounding the de- 
vice as the latter is pulled through the ground, the stor- 
age means then additionally storing data representative 
of the detected pressure, the security/verification code 
also protecting this data. 

[0006] The device may be associated with a telemetry 
system for transmitting the data to the ground surface. 
For example, the device may have a socket for connec- 
tion of hard wiring for transmitting the data to the sur- 
face. Such a device may have releasable clamping 
means for clamping the device to one end of a pipe to 
be installed. Alternatively, the device may have a trans- 
mitter for transmitting the data by radio to a receiver out- 
side the device, and the receiver may be on the ground 
surface but is preferably located in the pipe to be in- 
stalled, the receiver being linked by hard wiring passing 
through the pipe to an antenna positioned above 
ground. This antenna may be positioned at or near the 
reception area where the pipe to be installed is fed into 
the ground. The antenna may communicate with a re- 
ceiver positioned at or adjacent the launch area where 
a drilling rig is employed to pull the drill pipe, the device 
and the pipe to be installed through the ground. 
[0007] The access means may be a socket or port on 
the device, enabling the stored data to be downloaded 
with verification code, e.g. into a personal computer, af- 
ter the device is retrieved from the ground. However ac- 
cess to the data is dependent on the security code or 
procedure being used. 

[0008] The invention includes within its scope a pipe 
installation system comprising a device according to the 
invention in combination with a drilling rig having means 
for recording data generated during installation of the 
pipe, the data generated by the drilling rig and the data 
generated by the device being combined to provide a 
customer report including the precise route along which 
the pipe has been laid. 

[0009] According to another aspect of the invention 
there is provided a method of installing a pipe under- 
ground, comprising using a detector to detect a tensile 
force applied to the pipe as the latter is pulled through 
the ground and storing in the detector data representa- 
tive of the detected pulling force, the stored data being 
protected against unauthorised access by a security 
code or procedure, ready for subsequent retrieval of the 
data by use of the security code or procedure. 
[0010] The detector may also detect the inclination of 
the device and store this data representative of the in- 
clination, and may also detect the pressure surrounding 
the device and store this data, in both cases this further 
data being protected by the security code or procedure. 
[0011] The invention will now be further described, by 
way of example, with reference to the accompanying 
drawings in which: 
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Figure 1 is a diagram illustrating the use of a device 
according to the invention, 

Figure 2 is a sectional view through one embodi- 
ment of a device according to the invention, and s 

Figure 3 is a sectional view through another em- 
bodiment of a device according to the invention. 

[0012] Figure 1 illustrates a pipe installation system 10 
being used to install or lay a pipe underground by means 
of directional drilling. In Figure 1 a drill pipe 1 has been 
thrust through the ground to form a pilot hole extending 
from a launch pit at a location 2 (at which a drilling rig 3 
is positioned) and a target location 4 at which a reception is 
pit 5 has been dug. A monitoring device 6 according to 
the invention is attached between the end of the drill pipe 
1 and the end of the pipe 7 to be installed. The rig 3 then 
applies to the drill pipe 1 a pulling force which draws the 
pipe 1 back through the pilot hole which is enlarged by 20 
a cutter (on the end of the drill pipe) as pulling takes 
place. For purposes to be described, a short-range radio 
transmitter 8 is sited at the location 4. The transmitter 8 
transmits data by radio to a receiver 9 at the location 2 
where an operative can view the data on a display. 25 
[0013] Figure 2 shows, in diagrammatic cross-sec- 
tion, one embodiment of the monitoring device 6 an- 
chored in one end of the pipe 7. The device 6 has at one 
end a shackle 10 for attachment to a rotating cutter on 
the end of the pipe 1 . The shackle 10 projects from a 30 
tapering frusto-conical wall 1 2 which, at its radially outer 
edge, adjoins a cylindrical sleeve 1 3. Within this sleeve 
1 3, there is disposed an expandable gripper comprising 
a plurality of segments 14 each having an angled face 
engaging an expander cone 15 threaded on a central 35 
stem 16. Relative rotation in one direction between the 
expander cone 15 and the stem 16 causes the seg- 
ments 14 to move radially outwardly towards the sleeve 
1 3 and thus to clamp the end of the pipe 7 between the 
segments 14 and the sleeve 13. Relative rotation in the *o 
other direction releases the clamping action and ena- 
bles the device 6 to be separated from the end of the 
pipe 7. The device 6 includes two load cells 17 (in the 
form of strain gauges) to detect the tensile pulling force 
applied to the shackle 10 and thus the force applied to 45 
the end of the pipe 7. Also, an inclinometer 18 detects 
the angle of inclination of the device 6, ie the angle with 
respect to the horizontal of the central axis 1 9 of the de- 
vice. A pressure transducer 20 is let into a side bore 
formed in the device, in this case in an angled bore so 
formed in the shackle 10. The shackle 10 is rotatable 
with respect to the remainder of the device, the interface 
being sealed by O-rings 21 , so that the rotation of the 
cutter and shackle 1 0 is not transmitted to the pipe 7. 
[0014] The load cells 17, inclinometer 18 and pres- ss 
sure transducer 20 are powered by a power supply with- 
in an electronics module 22 which accommodates a re- 
chargeable battery pack and data storage means for 



storing data developed by the load cells 17, the incli- 
nometer 1 8 and the pressure transducer 20. The meas- 
ured data is sampled at predetermined time intervals (e. 
g. every second) and is converted from analogue to dig- 
ital form in which it is stored. The stem 1 6 has a hollow 
central bore through which passes wiring 23 linking the 
load cells 1 7 and the pressure transducer 20 with the 
electronics module 22. 

[001 5] At the end remote from the shackle 1 0, the de- 
vice 6 has a sealed output socket 24 for the reception 
of a plug fixed at one end of a cable which extends 
through the pipe 7 to the opposite cable end which is 
connected to the transmitter 8 at the location 4. A further 
port 25 on the device serves as a security sealed con- 
nection port for linking to a personal computer, when the 
device is retrieved and is located above ground. 
[0016] In use, the device of Figure 1 is clamped to the 
end of the pipe 7 by the expander segments 1 4 and the 
cutter at the end of the drilling pipe 1 is attached to the 
shackle 1 0, these operations being performed in the re- 
ception pit 5. The rig 3 is then operated to rotate and 
pull the drill pipe 1 which, in turn, applies a tensile force 
to the shackle 10 and to the end of the pipe 7 which is 
thus drawn, without rotation, through the bore hole to- 
wards the location 2. The tapering wall 12 protects the 
leading end of the pipe 7 as it is pulled through the bore 
hole. During this installation process, the magnitude of 
the tensile force applied to the pipe 7, as detected by 
the load cells 1 7, is sampled and stored in the data stor- 
age means in the electronics module 22. Also stored 
therein is data representative of the inclination of the de- 
vice 6 and data representative of the pressure in the re- 
gion surrounding the device 6. All this data is stored in 
a protected manner, that is it is protected against unau- 
thorised access by ensuring that the data can be read 
only by use of a security code or procedure known only 
to authorised personnel. 

[0017] In addition to being stored in the storage 
means of the device 6, these three pieces of data are 
conducted to the transmitter 8 and the data is transmit- 
ted therefrom to the receiver 9 which thus receives these 
three categories of data in real time, ie as the events 
happen. This enables an operative at the location 2 to 
undertake any control or remedial action, such as re- 
ducing the tensile force applied by the rig 3 to the drill 
pipe 1 if the detected tensile force applied to the pipe 7 
approaches or exceeds a particular threshold. 
[0018] After the pipe 7 has been pulled through the 
hole, the shackle 1 0 is detached from the end of the pipe 
1 and the device 6 is detached from the pipe 7 by re- 
leasing the gripper segments 1 4. Subsequently, the da- 
ta stored in the storage means is read out of the security 
port 25 : for example by plugging a PC lead into the se- 
curity port 25. However, the data is not accessible with- 
out knowledge of a security code or password which en- 
sures that the data read out of the storage means is au- 
thentic and the subsequent data/printouts verified by a 
unique code header, ensuring that the data is not edited 
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after download. Thus, referring to Figure 1, the data D1 
read out of the device 6 can be used, with the data D2 
generated during the advance of the drill pipe 1 , to pro- 
vide a customer report R which gives a complete history 
of the magnitude of the pulling force during installation, 
the complete history of the inclination of the device and 
the complete history of the pressure surrounding the de- 
vice. From the data Dl and D2, the precise route along 
which the pipe 7 has actually been laid can be deter- 
mined and it can be verified that the pipe 7 has not been 
subjected to a tensile force in excess of any limit, such 
as its elastic limit. The correct installation of the pipe 
along its complete length, can be verified and, when 
combined with GPS data, the location of the launch pit 
and reception pit can be determined. 
[001 9] The device of Figure 2 is suitable for loads from 
1 0 to 50 tonnes with an accuracy of 1 kg per tonne, and 
detects bore inclination to an accuracy of .001 degrees 
and bore pressure up to 2000 psi. The device produces 
a secure and independently verifiable report, with a real 
time display at the rig. 

[0020] In Figure 3, the leading end of the pipe to be 
installed 7 has fitted thereto an end cap 26 with a towing 
eye 27 to which the inventive device 6 is attached by a 
link 28 and shackle 29. Another shackle 30 at the front 
end of the device is in use attached to the cutter on the 
end of the drill pipe 1 . The shackle 30 is rotatable with 
respect to the remainder of the device, the interface be- 
ing sealed by O-rings 21 . As before, this prevents the 
rotation of the pipe 1 and cutter being transmitted to the 
pipe 7 as the latter is pulled through the bore. 
[0021] The device 6 of Figure 3 has an outer cylindri- 
cal casing housing load cells 1 7, an inclinometer 1 8 and 
a pressure transducer 20 corresponding to those de- 
scribed with reference to Figure 2. The device 6 of Fig- 
ure 3 also has an electronics module 22 with data stor- 
age means for storing data representative of tensile 
force, inclination to the horizontal and pressure, togeth- 
er with a port 25 for secure downloading of this data to 
a PC, as previously described. However, the device 6 
of Figure 3 carries an on-board transmitter 32 which 
transmits this data by a radio link to a receiver 33 located 
in the end of the pipe 7. From the receiver 33, the data 
is conducted by a cable 34 to the aerial of the transmitter 
8 which transmits the data by radio to the receiver 9. 
[0022] The device of Figure 3 is suitable for loads from 
10 to 100 tonnes with an accuracy of 1 kg/tonne, and 
detects bore inclination to an accuracy of .001 degree 
and bore pressure up to 200 psi. From data D1 and D2 
the device 6 of Figure 3 produces a secure and inde- 
pendently verifiable report R, with a real-time display at 
the rig. 

[0023] A device according to the invention may be 
used to install a pipe underground by directional drilling 
or swage lining. 

[0024] In the description of Figures 2 and 3, theshack- 
le 10 or 30 has been described as being connected to 
a cutter at the end of the pipe 1 . Such a cutter (or ex- 



pander) is necessary if the pipe 7 is larger than the pilot 
bore. If the pipe 7 is not larger than the pilot bore, it may 
be possible to dispense with the cutter, in which case 
the shackle 10 or 30 is connected directly to the end of 
5 the pipe 1 . 



Claims 

*o 1 . A device for attachment to a pipe to be installed in 
the ground, the device having tensile force detector 
means for detecting a pulling force applied to the 
pipe as the latter is pulled through the ground, stor- 
age means for storing data representative of the de- 
tected tensile force, with the stored data being pro- 
tected against unauthorised access by a security 
code or procedure, and access means for enabling 
the data to be subsequently retrieved by use of the 
security code or procedure. 

A device according to claiml, wherein the device 
has an inclinometer for detecting the inclination of 
the device as the latter is pulled through the ground, 
the storage means additionally storing data repre- 
sentative of the detected inclination, this data also 
being protected by the security code or procedure. 

A device according to claim 1 or 2, wherein the de- 
vice has pressure detector means for detecting the 
pressure surrounding the device as the latter is 
pulled through the ground, the storage means ad- 
ditionally storing data representative of the detected 
pressure, the security code or procedure also pro- 
tecting this data. 

A device according to any of the preceding claims, 
wherein the device has a socket for connection of 
hard wiring for transmitting the data to the ground 
surface. 

A device according to any of claims 1 to 3, wherein 
the device has a transmitter for transmitting the data 
by radio to a receiver outside the device. 

A device according to any of the preceding claims, 
wherein the device has releasable clamping means 
for clamping the device to one end of a pipe to be 
installed. 

A device according to any of the preceding claims, 
wherein the access means is a socket or port on the 
device, enabling the stored data to be downloaded 
with verification code, e.g. into a personal computer, 
after the device is retrieved from the ground. 

8. A pipe installation system comprising a device ac- 
cording to any of the preceding claims and a drilling 
rig having means for recording data generated dur- 
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ing installation of the pipe, the data generated by 
the drilling rig and the data generated by the device 
being combined to provide a customer report in- 
cluding the precise route along which the pipe has 
been laid. 5 



9. A method of installing a pipe underground, compris- 
ing using a detector to detect a tensile force applied 
to the pipe as the latter is pulled through the ground 
and storing in the detector data representative of 10 
the detected pulling force, the stored data being 
protected against unauthorised access by a secu- 
rity code or procedure, ready for subsequent re- 
trieval of the data by use of the security code or pro- 
cedure. *5 



10. A method according to claim 9, including detecting 
inclination of the device and storing data represent- 
ative of the inclination, and detecting the pressure 
surrounding the device and storing data represent- 20 
ative of the pressure, all said data being protected 
by the security code or procedure and being re- 
trieved by recourse to the security code or proce- 
dure. 
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